Introduction
COPD is a major public health problem due to its high incidence and related morbidity and mortality. [1] [2] [3] A diagnosis of COPD was reported for 6.3% of adults aged 18 years and older in the USA in 2011, 4 and the disease was more prevalent in older age groups and in women more than men. 5 However, fewer than half of Americans with airflow obstruction have actually received a diagnosis of COPD, and a severe undertreatment has been observed for those with a diagnosis of the disease. 6, 7 Chronic lower respiratory diseases are the third leading cause of death in the USA and pose significant health and economic burdens on society. 8 The direct and indirect costs of COPD were estimated at a total of $36 billion for the year 2010, 9 with hospitalizations due to severe exacerbations accounting for the majority of medical costs. 10, 11 Patients with COPD have a progressive condition in which airflow is consistently obstructed making it difficult for them to breathe. 12, 13 These patients may experience an acute worsening of respiratory symptoms such as elevated sputum volume, purulence, and dyspnea, which is defined as an exacerbation. [14] [15] [16] Exacerbations are often associated with acute health care utilization, such as emergency room visits and hospitalizations. In addition, associated with COPD progression, exacerbations accelerate the rate of decline in lung function as measured by forced expiratory volume in 1 second (FEV 1 ). 12, 17 The Global initiative for chronic Obstructive Lung Disease (GOLD) has historically provided guidelines for COPD assessment and treatment purely on the basis of the degree of airflow limitation as measured by spirometry. 18 The patients with COPD have been classified into severity stages I-IV on the basis of post-bronchodilator FEV 1 . More recently, however, the GOLD guidelines have been expanded to recommend a combined assessment of COPD severity, which includes both symptomatology using the modified Medical Research Council (mMRC) score or COPD assessment test (CAT) score, as well as risk as determined by the degree of airflow obstruction and exacerbation history. 19 While there is great interest in incorporating symptomatology into overall COPD assessment, little is known about how responses to questions in these two instruments are associated with the relative severity of COPD outcomes among the respondents.
Using observational data to assess these guidelines, this study administered the mMRC and CAT to Medicare members aged 40 years and older enrolled with a large national health insurance provider, Humana Inc. (Louisville, KY, USA), and linked each member's survey responses to his or her claims data contained in the Humana Research Database. This allowed for retrieval of each member's exacerbation history and thus GOLD classification. The claims data were then followed for 365-day post-survey to determine whether patient-reported symptoms added valuable information beyond exacerbation history in predicting future exacerbations.
Patients and methods

Data sources
This observational study utilized retrospective administrative claims data and prospectively collected survey data from Humana Inc. The Humana Research Database contains enrollment, medical, and pharmacy claims for Humana's commercial and Medicare fully-insured patients. The data required for COPD member identification and post-survey follow-up were collected retrospectively from the administrative claims data. Responses to the mMRC and CAT were collected from Humana members via mailed survey. Each member's survey responses were then linked to his/her administrative claims data for analysis. The study was approved by Schulman IRB.
Study design
Humana Medicare members aged 40 years or older, with two or more incidents of inpatient or outpatient encounters for COPD $30 days apart (International Classification of Diseases 9th Edition Clinical Modification [ICD-9-CM]: 491.xx, 492.xx, or 496.xx), were identified during the identification period from January 1, 2009 to March 31, 2013. Members were excluded if they had any of the following diagnoses: cancer (ICD-9-CM: 140.xx-172.xx; 174.xx-208.xx), pregnancy (ICD-9-CM: 630.xx-679.xx, V22.xx, and V23.xx), or organ transplants (V42.xx), stayed in a skilled nursing facility for $90 days, or were not continuously enrolled for a minimum of 365 days before their most recent date of enrollment. Among these COPD members, 4,000 were randomly selected to participate in a mailed survey (Supplementary material A), which included the mMRC and CAT instruments. In order to avoid ordering bias, two versions of the survey were administered: one version listed CAT first, and a second version listed mMRC first. The index date was assigned to the end date of survey collection (August 18, 2013). Baseline univariate analyses linked patient reported symptoms to each patient's demographic and clinical characteristics. The COPD-related exacerbations as well as exacerbation-related costs were then examined from the Humana Research Database during 365 days of post-survey follow-up to determine whether the patient-reported symptoms added valuable information beyond exacerbation history in predicting future exacerbations and costs.
The GOLD guidelines recommend a patient classification for risk of exacerbation be dependent on FEV 1 or the history of exacerbations, whichever is worse; however, for this study, a history of exacerbations was used exclusively, since FEV 1 measures were not available in the claims data. The categories used in this study were therefore an approximation of the GOLD guideline categories.
The exacerbations identified in the claims data were adapted from Mapel et al 20 and Stein et al 21 , and defined by ICD-9-CM codes in any diagnosis position (see Supplementary material B for ICD-9-CM codes). An overnight inpatient hospital stay with one or more documented of the ICD-9-CM codes was defined as severe while all outpatient visits accompanied by prescriptions for systemic corticosteroids or antibiotics 22 within ±7 days of the outpatient visit were defined as moderate. Members were excluded from the follow-up analysis if they were lost to follow-up or met any of the exclusion criteria during follow-up.
In addition to exacerbations, two comorbidity index scores were calculated from the claims data for inclusion in the analysis: the Deyo-Charlson and RxRisk-V comorbidity index scores. The Deyo-Charlson comorbidity index score (DCI) uses 17 categories of comorbidities to calculate a score, which reflects the cumulative increased likelihood of 1-year mortality. It is based on ICD-9-CM diagnosis and procedural codes, and their associated weights. 23 The RxRisk-V (RxRisk assessment instrument adapted for the Veterans Health Administration population) is determined on the basis of the identification of 45 distinct comorbid conditions via their associated medication treatments. [24] [25] [26] [27] 
Statistical analysis
Univariate analysis was used to compare symptoms, as well as demographic and clinical characteristics, between survey respondents and non-respondents, and among respondents who completed the survey vs those who submitted incomplete responses to the survey (completers vs non-completers). Descriptive statistics such as means and standard deviations (SDs) were presented for continuous measures. Counts and proportions were presented for categorical measures. The chi-square test and Fisher's exact test were used to compare categorical measures and t-tests were used to compare continuous measures. The CAT and mMRC agreement were assessed using the Kappa statistic, and their association was measured using Spearman correlation. All tests were two-sided.
A multivariate binary stepwise logistic regression model was used to estimate the predictive value of exacerbation history and symptomatology for post-index exacerbations. The dependent variable was whether a patient had one or more exacerbations during the 365-day post-index period (1= yes, 0= no). Variables for exacerbation history, high-vs low-symptom categories according to the mMRC ($2 vs ,2) and CAT ($10 vs ,10), and other demographic and clinical characteristics were considered using a stepwise selection approach to select statistically significant predictors for the final model. The stepwise selection method is a modification of the forward-selection technique and differs in that variables already in the model do not necessarily stay there. A significance threshold of ,0.05 (two-sided) was used to allow a variable to stay in the final model. A generalized linear model with log link and gamma distribution was used to model the association between exacerbation-related costs in the 365-day post-index period and pre-index symptoms, pre-index exacerbations, and other demographic and clinical characteristics, as costs are known to have a non-normal distribution as well as non-constant variance. 28 All P-values were two-sided and statistical significance was reached when P,0.05. The data analyses were conducted using SAS Enterprise Guide 5.1 (SAS Institute Inc., Cary, NC, USA).
Results
The subject flow diagram ( Figure 1 ) displays the sample sizes of Humana members with COPD remaining for analysis at each step of the study. There were 182,504 COPD members identified in Humana's claims data after inclusion/exclusion criteria were applied from which 4,000 were randomly selected for survey participation. Of the 1,159 members who responded to the survey (29.0% response rate), 765 (66% of respondents; 19% of the overall sample) completed both the mMRC and CAT components ( Figure 1 ).
Comparisons of baseline demographic and clinical characteristics between respondents vs non-respondents and completers vs non-completers (among respondents)
are displayed in Table 1 . Mean age (SD) was similar for respondents and non-respondents at 72.2 (8.5) years old vs 72.0 (9.5) years old, respectively (P=0.640), but the proportion aged $65 years was slightly higher for the respondents than the non-respondents (P=0.029). A higher percentage of respondents were white (89.3% for respondents vs 85.8% for non-respondents, P=0.024), and a lower percentage of respondents resided in the South (59.9% for respondents and 68.0% for non-respondents, P,0.001). The mean RxRisk-V score (SD) was statistically significantly lower for respondents (5.7 [3.7] ) in comparison to non-respondents (6.0 [3.8] , P=0.014), but the DCI score was not significantly different between the two groups (P=0.135). Non-respondents had higher rates of diabetes than respondents at 36.4% for non-respondents vs 31.4% for respondents (P=0.003). Among survey Of note, the order in which the mMRC and CAT questions were listed affected the completion of the mMRC. Completion on CAT was similar between the two versions: 90% for one vs 89% for the other; however, for mMRC, the completion was 85% for the version that listed the mMRC after the CAT and only 55% for the version that listed the mMRC first (not shown). The mean (SD) of the CAT scores was 17.6 (9.7) for members who completed the mMRC and 17.2 (10.6) for members who did not complete the mMRC (P=0.480, Table 1 ). A larger proportion of high-symptom members qualified for LIS and dual eligibility (P,0.001). High-symptom members according to the mMRC had significantly higher mean comorbidity scores (SD) than low-risk members: 6.6 (3.9) vs 4.7 (3.5) for the RxRisk-V score, 2.3 (2.0) vs 1.7 (1.7) for the DCI (P,0.001 for both comparisons). Among comorbidities, high-symptom members had higher rates of dyspnea and respiratory abnormalities (43.8% vs 32.0%, P,0.001), and diabetes mellitus (37.3% vs 26.0%, P,0.001) than lowsymptom members ( Table 2) .
Similar to the mMRC, high-symptom members according to the CAT were younger (mean age [SD], 71.3 [8.5] ) than low-symptom members (mean age 74.1 [7.1] , P,0.001) and had a higher percent of white members (92.1% vs 88.7%, P=0.027, Table 2 ). As expected, high-symptom members according to the CAT had significantly higher mean (SD) comorbidity scores than low-symptom members: 6.0 (3.8) vs 4.3 (3.3) for the RxRisk-V score (P,0.001), and 2.0 (1.9) vs 1.7 (1.8) for the DCI (P=0.014). Among comorbidities, high-symptom members had higher rates of dyspnea and respiratory abnormalities (40.5% vs 27.6%, P=0.002) than low-symptom members.
The GOLD classification by symptom categories is reported in Table 3 . The proportion of members classified The GOLD classification by symptom and exacerbation history is reported in Table 4 . The GOLD classifications A and B include all the patients with a history of 0 or 1 exacerbations in the earlier year, while GOLD classifications C and D include all the patients with a history of 2 or more exacerbations in the earlier year. A significant proportion of the sample was categorized in a GOLD category B indicating low exacerbation history but high patient-reported symptoms (33.0% according to the mMRC instrument and 60.1% according to the CAT instrument). A very small proportion of members with a history of 2 or more exacerbations reported low symptoms (6.7% according to the mMRC and 2.9% according to the CAT).
The exacerbations during follow-up are displayed by GOLD classifications according to the mMRC in Figure 2A and the CAT in Figure 2B . Mean numbers of exacerbations during the follow-up period were lower for the low-symptom patients than for the high-symptom patients whether symptoms according to the mMRC or CAT were compared (P,0.001 based on two sample t-test). For each of the four categorizations by symptom and exacerbation history, the mean number of exacerbations was directionally higher using the mMRC rather than the CAT. In general, the number of follow-up exacerbations rose as risk or pre-index exacerbations, and patient-reported symptoms increased from GOLD category A through GOLD category D.
The stepwise logistic regression results are reported in Table 5 . This table reports results from a regression model that included symptoms and exacerbation history as separate, independent variables as well as results from a regression model that included independent variables, which combined symptoms and exacerbation history into GOLD classifications A-D. For the model that included symptoms and exacerbation history as separate, independent variables, pre-index exacerbations and symptoms by CAT were all statistically significantly associated with having post-index exacerbations (P,0.001), with the odds ratio (OR) for one pre-index exacerbation =3.06, two pre-index exacerbations =4.55, and three or more pre-index exacerbations =16.28, relative to the reference group with 0 pre-index exacerbations. The OR for high symptoms relative to low symptoms according to the CAT was 2.51. The parameter estimate for the symptoms variable by mMRC was not statistically significant and was not included in the final model.
Replacing the separate variables for pre-index exacerbations and symptoms by CAT or mMRC with the approximated GOLD A-D classifications as independent variables resulted in similar findings ( Table 5 ). Consistent with the first model reported in Table 5 , the GOLD classification variables by CAT were significantly associated with having post-index exacerbations (P,0.001). The value of the ORs increased with each successive GOLD category B, C, and D relative to the reference category A (3.07, 6.15, and 13.67, respectively, P,0.001). Table 6 displays the generalized linear model results associated with post-index exacerbation-related costs. Consistent with Table 5 , the parameter estimate for pre-index exacerbations was statistically significant (exponentiated estimate =1.73, P,0.001), as was the parameter estimate for high vs low patient-reported symptoms captured Table 5 .
Discussion
In general, there were significant differences in the patient characteristics, which distinguished high-symptom members from low-symptom members, whether the information was obtained from the mMRC or CAT ( Table 2 ). These differences were consistent with the demographic and clinical characteristics obtained from the administrative claims data for each survey respondent (Tables 1 and 2 ). High-symptom patients were younger, and, as expected, had higher comorbidity index scores whether the RxRisk-V or DCI scores were applied, and higher rates of specific comorbidities. According to the mMRC, high-symptom members had higher rates of dyspnea and respiratory abnormalities, diabetes, and chest pain, as compared to low-symptom members. High-symptom members according to the CAT had much higher rates of dyspnea and respiratory abnormalities and chest pain than low-symptom members, but not higher rates of diabetes. The higher comorbidity index scores and 
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mMRC and COPD assessment test as predictors of exacerbations and cost rates of dyspnea and respiratory abnormalities appeared consistent with Lange et al, 29 who further indicated that higher dyspnea predicted increased mortality. Interestingly, nearly all the mean comorbidity scores were slightly higher for both the low-and high-symptom members according to the threshold set for the mMRC relative to the CAT. For example, the mean RxRisk-V score for low-symptom members was 4.7 according to the mMRC, but 4.3 according to CAT; for high-symptom members the mean RxRisk-V score was 6.6 according to the mMRC (n=349), but 6.0 according to CAT (n=580, Table 2 ). In addition, the mean DCI for high-symptom members was 2.3 by mMRC and 2.0 by CAT ( Table 2 ). These results, coupled with only fair agreement between the instruments as indicated by the kappa statistic of 0.331, 30 are consistent with Price et al 31 who found inconsistencies in patient classification among the mMRC and CAT, and suggested an alternative higher threshold of 24-26 for the CAT instrument to produce better alignment between the CAT and mMRC.
However, while Price et al examined consistency between the two instruments, their study did not examine which instrument better predicted future exacerbations and exacerbation-related costs. The stepwise logistic regression results from our study specifically examined the relationship between future exacerbations and exacerbation history, as well as symptoms by mMRC and CAT separately, in order to shed light on this matter. The results indicated that symptoms indeed provide additional valuable information above and beyond exacerbation history, in that both the symptoms and exacerbation history each independently predicted whether a patient would experience one or more exacerbations in the future. These results suggest that patients may be aware of periodic worsening of symptoms even if these episodes have not been identified as exacerbations of COPD, consistent with a summary of the importance of symptoms in the GOLD guidelines. 18 These findings are also consistent with Nakahara et al, who examined body mass index, pulmonary function tests, CAT scores, and history of exacerbation within the earlier year as predictors for future exacerbations in a sample of patients with COPD in Japan. 32 In their multivariate analysis, only CAT scores (hazard ratio =1.06, P=0.006) and a history of exacerbation within the earlier year (hazard ratio =4.76, P,0.001) were significant predictors of acute exacerbation. Notably, in our study, the variable for high vs low symptoms as captured by the CAT instrument was a better predictor of future exacerbation than symptoms captured by the mMRC instrument, as the latter variable did not appear in the final model. It may be that the CAT instrument, comprised of eight questions and with scores ranging from 0-40, was able to capture more symptom domains than the mMRC instrument, comprised of one question, with scores ranging from 0-4.
Inclusion of approximated GOLD classifications as covariates in the stepwise logistic regression model, rather than including symptoms and exacerbation history separately, resulted in statistically significant parameter estimates and corresponding ORs that increased incrementally for GOLD categories B, C, and D, relative to GOLD category A. These results are consistent with a study by Chen et al, 33 who found the relative risk of exacerbation relative to GOLD category A was 1.7 (95% CI =0.6-4.3) for Group B, 14.1 (95% CI =4.6-43.2) for Group C, and 17.9 (95% CI =7.6-42.0) for Group D. The Hosmer and Lemeshow Goodness-of-Fit chi-square test and c statistic indicated a better model fit and prediction accuracy when symptoms and exacerbation history were included as separate variables than when they were combined as GOLD categories in the model ( Table 5) .
As for the relative importance of symptom vs exacerbation history in predicting future exacerbations, the ORs for each incremental exacerbation during the earlier year (1, 2, and 3+, relative to 0) were greater than for the variable indicating high vs low symptoms as captured by the CAT instrument, suggesting the increased importance of exacerbation history. The ordering of GOLD categories A-D sheds additional light on this comparison. In Table 5 , ORs increased across each approximated GOLD category. If symptoms were more important than exacerbation history, then it is likely that the magnitude of the parameter estimates and ORs for GOLD categories B (low-risk/high-symptom) and C (high-risk/low-symptom) would have been reversed. This result is consistent with an earlier study that found the best predictor of current exacerbations is a patient's exacerbation history. 34
Limitations and suggestions for future research
This study is limited by the fact that spirometry results were not available in the claims data for the patients with COPD. Risk may have been better categorized by a comparison of FEV 1 values and exacerbation history, using whichever value was worse to categorize a patient into GOLD categories A-D, in accordance with the GOLD guidelines. Due to the unavailability of spirometry values, this study relied solely on the exacerbation history from the claims data. As such, it is not known how the relative value of patient-reported symptoms would be altered with the inclusion of FEV 1 values.
The identification of patients with COPD for this study relied on physician diagnosis and coding on claims Smoking history was not well-coded. While it is hoped that physician diagnosis and coding accurately reflected the presence of the disease, it is possible that misdiagnoses may have occurred. Furthermore, an exacerbation was identified via an algorithm developed by the study team after reviewing published algorithms and updating with input from clinical experts on the study team. Exacerbations that required clinical attention, ie, outpatient visits or inpatient stays, were identified. However, any exacerbations treated at home were not captured in claims data. Such exacerbations may be of lower severity, or a result of differences in physician practice patterns, the latter of which is a limitation of this study. Future work should involve validation of this algorithm via chart review.
The patients classified in GOLD category B with low exacerbation history but high symptoms comprised a significant portion of the surveyed population (33.0% according to mMRC and 60.1% according to CAT, Tables 3 and 4 ). Since dyspnea is a cardinal symptom of COPD, it is unknown whether this group's symptoms were predominantly being driven by their non-COPD comorbidities, since their exacerbation history was not consistent with their symptoms, or whether the symptoms indicated a worsening of their COPD condition. Future research should include the collection of FEV 1 values and their comparison with symptoms at the time of survey completion. In addition to FEV 1 values, inclusion of patients' treatment regimens could help predict future exacerbations.
Surveys can be subjective and the quality of the responses may be based on the educational status of patients. However, both the mMRC and CAT were validated instruments containing questions that were simple and easy to read. All cover letters were written at the sixth grade reading level to mitigate any bias due to educational status as much as possible.
The order in which the mMRC and CAT questions were listed affected the completion of the mMRC. This discrepancy may have been due to confusion by some members who received a version of the survey with the mMRC listed first; who may have thought the mMRC was an example question within the survey rather than an actual question that was to be answered. Additional clarifying language may be needed in future surveys assessing an individual's mMRC breathlessness score; however, the lack of difference in baseline characteristics between completers and non-completers of the mMRC indicated robustness of the results.
Because this study used data from a particular database comprised of records from Humana members only, the results may not be generalized to the general population; however, Humana is a large national health plan with members residing in a broad array of geographic regions.
Conclusion
The patient-reported symptoms captured by the mMRC and CAT instruments contribute important information related to future exacerbations and exacerbation-related costs, beyond that measured by exacerbation history. As such, patient-reported symptoms should be seriously considered in determining treatment for patients with COPD. Furthermore, this study suggests patient-reported symptoms measured by the CAT instrument more effectively predict future exacerbations and exacerbation-related costs than those measured by the mMRC instrument.
